Although the role of oxidative stress in the process of carcinogenesis seems well known, the quantitative correlation between oxidative DNA damage and the degree of histological malignancy of a neoplasm has not yet been determined. In the present study we attempted to show the possible correlations by looking at the amounts of the basic oxidative stress markers 8-oxoGua (8-oxo-7.8-dihydroguanine) and 8-oxodG (8-oxo-7.8-dihydro-2'-deoxyguanosine) excreted in the urine of patients. All the previously mentioned modifications were analyzed using techniques involving high performance liquid chromatography/electrochemical detection (HPLC/EC) or HPLC/gas chromatography and mass spectroscopy (GC-MS). All patients (n=46) suffered from ovarian cancer and were divided into three groups: G1, G2, and G3, according to the degree of histological malignancy of the neoplasm. In the female patients whose neoplasms showed higher degrees of histological malignancy significantly higher median values of 8-oxoGua and 8-oxodG were found to be excreted in their urine. In the subgroup of patients with G3 feature, both these markers of oxidative stress were almost twice as high as in the subgroup with G1 feature. The results suggest that the oxidative stress in ovarian cancer patients as demonstrated by increased amounts of these modifications in urine may be typical not only for the affected tissue, but also for other tissues and even the whole organism. It is also possible that the accumulation of oxidative stress is proportional to the degree of histological malignancy and depends on histological diagnosis.
Introduction
Oxidative stress within the body generates numerous DNA lesions which play a significant role in mutagenesis, carcinogenesis, and the aging of the body [1] . One of the most characteristic markers of oxidative stress, a modified DNA base, 8-oxo-7.8-dihydroguanine (8-oxoGua), may play an important role in the process of carcinogenesis in vivo [2, 3] .
It has generally been accepted that the markers of DNA damage, such as the oxidatively modified base, 8-oxo-7.8-dihydroguanine (8-oxoGua) and its nucleotide: 8-oxo-7.8-dihydro-2'-deoxyguanosine (8-oxodG) , excised from DNA in the process of cellular repair, are excreted in urine in unchanged form without further metabolism [4] . Furthermore, it is a known and accepted fact that certain amounts of oxidative DNA modifications are also present in normal cells [5] . While high levels of the markers of oxidative DNA damage in the urine indicate elevated oxidative stress, they may also reflect a high level of efficiency of the systems that repair these lesions (oxidative stress can be high and the mechanisms responsible for repair eliminate its effects).
Since oxidative stress is closely connected with chronic inflammatory conditions [6] , a high level of 8-oxoGua in the urine may reflect the progression of a disease. Indeed, several studies have found that the factors reflecting inflammatory conditions can also be independent prognostic factors [7, 8] . Additionally, they may stimulate cancerous growth by the suppression of local anti-neoplasm immune responses [9] .
Other researchers emphasize the significance of the expression of anti-inflammatory process mediators in response to stress in the process of carcinogenesis [10] .
In our previously published paper [11] , we demonstrated increased amounts of the oxidative stress markers 8-oxoGua and 8-oxodG, excreted in urine, in several types of neoplasms: head and neck cancer (n=45), breast cancer (n=32), colon cancer (n=25), lung cancer (n=37), uterine cancer (n=15), testicular cancer (n=7), prostate cancer (n=11), and gastrointestinal cancer (n=11).
Some authors have provided information about the role of oxidative stress in patients with ovarian cancer [12] . This study found that the effect of hydroxyl radicals on DNA may play an important role in ovarian cancer pathogenesis while 8-oxodG assay using the immunohistochemicalmethod can be a useful prognostic marker for cases of this type of cancer.
It is worth noting that although the role of oxidative stress in the process of carcinogenesis seems well known, so far no quantitative correlation between oxidative DNA damage and the degree of histological malignancy of neoplasms has been determined
In the current study we have attempted to show the possible correlations based on the amounts of basic oxidative stress markers such as 8-oxoGua and 8-oxodG excreted in urine.
Material and Methods

Patients
24-hour urinary excretion of 8-oxoGua and 8-oxodG was subjected to analysis prior to oncological treatment in 46 female patients diagnosed with ovarian cancer (the degrees of clinical advancement were III and IV according to FIGO). The entire sample was divided into three subgroups: G1, G2, and G3, according to the degree of histological malignancy of the neoplasms. A detailed clinical characteristic of the patients is presented in Table 1 .
The selection of patients followed the criteria of the group of patients; these included eating habits, age, body weight, and smoking status.
The study was approved by the Medical Ethics Committee of The Collegium Medicum of the Nicolaus Copernicus University in Bydgoszcz, Poland, No 218/2003 (in accordance with Good Clinical Practice, Warsaw 1998), and all the patients gave their informed consent prior to participating in the study.
Urine Analysis
The urinesamplepreparation, HPLC purification, and GC/MS analysiswereconducted as describedearlier [13, 14] . In addition to the unequivocal identification of the analyzed compounds and high sensitivity, the use of isotopicallylabeled internal standards compensated for the potential losses of the analyses during sample work-up. 
Abbreviation: ECOG, Eastern Cooperative Oncology Group.
Statistical Analysis
All results are expressed as median (interquartile range). The STATISTICA (version 10) computer software (StatSoft, Inc, Tulsa, OK) was used for the statistical analysis. For normal distribution, variables were analyzed by the Kolmogorov-Smirnov test with Lillefor`s correction. Statistical significance was considered at p < 0.05.
Results
Significantly higher amounts of 8-oxoGua and 8-oxodG excreted in the urine within 24 hours were found in those patients with neoplasms having a higher degree of histological malignancy. In the subgroup of patients with G3 feature, the levels of both markers of oxidative stress were almost twice as high as in the subgroup with G1 feature. The detailed results are presented in Table 2 . 
Discussion
In our previous study [11] , increased amounts of the oxidative stress markers 8-oxoGua and 8 shown to be excreted in the urine of cancer patients when compared with their healthy counterparts. Consequently, with such a diverse profile of tumor location and different natural courses of the disease, it was not possible to determine the exact correlation between the degree of intensification of oxidative stress and the degree of malignancy of the neoplasm. In the present study, we tried to determine the correlation between the degree of histological malignancy of a neoplasm and the quantity of excreted products of oxidative DNA damage. Some authors report a confirmed correlation between the malignancy of the aggressive features of ovarian cancer and specific lymphocyte T-dependent disease markers that may indirectly suggest the significance of oxidative intensity the progression of neoplastic cell malignancy [17] .
So far, several studies have dealt with [18, 19, 20, 21 ] the analyses of urine 8-oxoGua and 8-oxodG levels in patients with different kinds of cancer and in control groups. The studies showed elevated levels of the analyzed biomolecules in the urine of patients with neoplasms (on average by about 50%) as compared with the control group. Each cell contains a certain number of oxidative modifications of nitrogen bases. This is indicative of the balance between the formation of reactive oxygen species (ROS), attacking DNA in the course of numerous metabolic processes, and the removal of damage in these molecules by specific DNA repair enzymes. It seems, however, that the endogenous level of these potentially shows a significant inter-individual variability [6, 11, 22] .
In the present study significantly higher values of the oxidatively modified base and nucleotide were found in patients whose neoplasms showed a high degree of Krzysztof Roszkowski: Analysis of Oxidative DNA Damage / Oxidative Stress Markers in Patients with Ovarian Cancer In our previous study [11] , increased amounts of the oxoGua and 8-oxodG were shown to be excreted in the urine of cancer patients when compared with their healthy counterparts. Consequently, ocation and different natural courses of the disease, it was not possible to determine the exact correlation between the degree of intensification of oxidative stress and the degree of malignancy of the neoplasm. In the present study, we tried the correlation between the degree of histological malignancy of a neoplasm and the quantity of excreted products of oxidative DNA damage.
The results presented in this paper, comparing the amounts of 8-oxoGua and 8 within twenty-four hours in female patients diagnosed with ovarian cancer, indicate a clear correlation between these amounts and the degree of G malignancy (Table 2, Figure  1 ). This significant increase in the studied markers of oxidative DNA damage in the subgroup may reflect the conditions of oxygen shock associated with cancerous disease [15, 16] . It is also possible that the intensity of oxidative stress is proportional to the degree of malignancy (in this case histological malignancy) and depends on histological diagnosis.
oksodG (A) and 8-oxoGua (B) in the entire sample prior to the treatment (median values), depending on the
Some authors report a confirmed correlation between the malignancy of the aggressive features of ovarian cancer and dependent disease markers that may indirectly suggest the significance of oxidative intensity in the progression of neoplastic cell malignancy [17] .
So far, several studies have dealt with [18, 19, 20, 21] the oxodG levels in patients with different kinds of cancer and in control groups. The vels of the analyzed biomolecules in the urine of patients with neoplasms (on average by about 50%) as compared with the control group. Each cell contains a certain number of oxidative modifications of nitrogen bases. This is indicative of the een the formation of reactive oxygen species (ROS), attacking DNA in the course of numerous metabolic processes, and the removal of damage in these molecules by specific DNA repair enzymes. It seems, however, that the endogenous level of these potentially mutagenic lesions individual variability [6, 11, 22] . In the present study significantly higher values of the oxidatively modified base and nucleotide were found in patients whose neoplasms showed a high degree of histological malignancy, "G3" grade, compared with the group whose tumors had a low "G1" malignancy. Such a significant difference in the quantity of this derivative can be connected with its growth only in the neoplastic cells with a higher degree of malignancy. The ratio cells to the patient's body mass is relatively small. Our results suggest that oxidative stress in patients having neoplasms with a high degree of histological malignancy, represented by increased amounts of these modifications in the urine, may be characteristic not only of the affected tissue, but also of other tissues or the entire body.
Conclusion
To recap, because of the well stress in the process of carcinogenesis, the quantitative correlation between oxidative DNA damage and the degree of histological malignancy of neoplasms has to be determined. We decided to investigate whether the parameters characteristic for oxidative stress/DNA damage depend upon the degree of histological malignancy of the neoplasm. Our results suggest that high levels of basic The results presented in this paper, comparing the oxoGua and 8-oxodG excreted with urine four hours in female patients diagnosed with ovarian cancer, indicate a clear correlation between these amounts and the degree of G malignancy (Table 2, Figure  1 ). This significant increase in the studied markers of oxidative DNA damage in the subgroup with G3 feature may reflect the conditions of oxygen shock associated with cancerous disease [15, 16] . It is also possible that the intensity of oxidative stress is proportional to the degree of malignancy (in this case histological malignancy) and on histological diagnosis.
oxoGua (B) in the entire sample prior to the treatment (median values), depending on the gnancy, "G3" grade, compared with the group whose tumors had a low "G1" malignancy. Such a significant difference in the quantity of this derivative can be connected with its growth only in the neoplastic cells with a higher degree of malignancy. The ratio of neoplastic cells to the patient's body mass is relatively small. Our results suggest that oxidative stress in patients having neoplasms with a high degree of histological malignancy, represented by increased amounts of these modifications in may be characteristic not only of the affected tissue, but also of other tissues or the entire body.
To recap, because of the well-known role of oxidative stress in the process of carcinogenesis, the quantitative oxidative DNA damage and the degree of histological malignancy of neoplasms has to be determined. We decided to investigate whether the parameters characteristic for oxidative stress/DNA damage depend upon the degree of histological malignancy of the asm. Our results suggest that high levels of basic markers of oxidative stress, 8-oxoGua and 8-oxodG, excreted in the urine typically indicate a high degree of advancement of "G3" histological malignancy in patients with ovarian cancer as compared with those diagnosed with "G1" grade, which has a lower degree of malignancy.
